Modern cataract surgery is striving for smaller and smaller incisions with the aim of making clear corneal incisions that are as safe and topographically stable as possible. Recent innovations in both phacoemulsification (phaco) and intraocular lens (IOL) technology have made micro-incision cataract surgery, defined as <2mm incision, safe and effective. Bi-axial sleeveless micro-phaco has recently been joined by sleeve-armed micro-co-axial micro-phaco, made possible by the development of slim-shaft strong-bevel phaco needles armed with micro-sleeves that run flush with an enlarged needle head. Such tip technology allows for a highly efficient and safe high-flow, high-vacuum phaco through incisions as small as 1.4mm by providing high influx and suppressing surge while avoiding mechanical and thermal tissue damage. Two tips have so far been made available for mini-(2.2-2.4mm) and micro-incision cataract surgery (MICS) (1.4-1.6mm, depending on the incision architecture used). With the micro-tip supplemented by additional flow through an infusion spatula ('infusion-assisted' or 'hybrid' phaco), excessive flow and vacuum rates may be used, resulting in a two-fold efficiency as mirrored by the reduced phaco power required. IOL technology is lagging behind phaco technology. The challenge is to avoid trade-offs with regard to implant stability and aftercataract formation, as well as optical performance. Current MICS-IOLs are mostly hydrophilic acrylic one-piece constructions with insufficiently sharp posterior optic edges and broad haptic-optic junctions, both of which features compromise the optic-edge barrier effect. Recently, a hydrophobic three-piece IOL has been made available, which features a slim haptic junction and an exquisitely sharp optic edge and also allows for optional optic entrapment into a posterior capsulorhexis for lasting eradication of after-cataracts.
Recent developments in cataract surgery have been dominated by efforts to further down-size the incision for phaco-emulsification (phaco) and intraocular lens (IOL) implantation. This article demonstrates and discusses the benefits and downsides of further down-sizing the cataract incision, the requirements regarding phaco and IOL technology, the pros and cons of the co-axial and bi-axial approaches and the currently available state-of-the-art co-axial instrumentation and implants.
Is There a Need for Further Down-sizing of the Cataract Incision?
Cataract incisions must fulfil two requirements:
• Deformation resistance (wound stability): to be safe, an incision must not open when manipulated. In practice, a patient may rub the eye with a finger tip. Temporally located incisions are particularly exposed to such deformation and must be designed accordingly. Deformation resistance depends on the size and construction of the incision; it increases as it gets smaller and longer and when it incorporates a scleral portion.
• Topographic neutrality (corneal stability): incisions must not induce corneal shape changes. Smaller incisions cause asymmetrical changes, which are properly picked up only with corneal topography. Topographical stability may be considered relevant within a pupillary zone of 5mm.
We have demonstrated that temporally located tunnel incisions with a scleral portion (temporal sclero-corneal incisions [SCIs] ) are the best option to provide both adequate deformation resistance 1 against digital massage and topographical neutrality within a 5mm zone. 2 This is true for incision sizes up to 4mm. Figure 1) . When reducing the shaft diameter, higher vacuum and flow settings may be used, at the same time suppressing post-occlusion surge. By increasing the bevel angle of the needle, holdability -a function of the area of the opening -is augmented. The transition between the broad needle-head and the slim shaft increases the frontal projection area, which is proportional to the energy output. The slim shaft allows for a sleeve that runs almost flush with the needle-head, which further reduces the incision size required, and and avoids anteriorly directed infusion inflow, which tends to push particles away from the front opening of the needle.
Together, this slim-shaft-strong-bevel (SSSB) needle design fits into a concept that optimises followability, holdability, energy transfer and surge suppression (see Figure 2 ). Due to its slim junction design, the HOYA IOL may also be used in conjunction with posterior optic button-holing for permanent eradication of any form of after-cataract formation. 9 With this three-piece IOL the injector tip must be inserted into the tunnel; by contrast, it can be docked to the tunnel entrance with one-piece IOLs.
While requiring a somewhat smaller incision width, docked injection is less controlled and exposes the incision to distending and shearing forces. Parallel-walled incisions are therefore not recommended. A Sleeve-armed Co-axial or Sleeveless Bi-axial Microphaco -Which Way to Go?
Proponents of sleeveless bi-axial phaco argue that it requires a smaller incision and improves the flow characteristics in the anterior chamber.
Although bi-axial MPE is feasible, there are a number of downsides: in order to maintain a deep and stable chamber while using high fluidics, incision leak must be minimised. Sleeveless phaco needles tend to 'oar-lock' a tight CCI, or allow for continuous collateral wound leak with a wider CCI, which varies according to the changing angle of the instrument approach (see Figure 5 ). There is no way of designing and sizing a CCI that seals the wound and spares tissue at the same time. proper wound sealing. In order to be efficient, needles for sleeveless phaco must be thicker, or they will be less efficient if down-sized in diameter for use in micro-incisions. Apart from the familiarity with the co-axial phaco techniques, these limitations are the main reason why sleeveless bi-axial phaco has not gained widespread usage. this concept has been shown to be ineffective. This is not surprising as it is not the sharp edge per se but rather the capsular bend that blocks LEC migration. In the course of capsular-bag closure, the posterior capsule is pulled around and up to the anterior capsule to be finally sealed to the latter through collagen depletion by transforming anterior LECs. 8 Simply implementing a ridge beneath a broad haptic does not allow for bending of the posterior capsule, which is made impossible by a peripherally extending flange haptic, even if fenestrated. In addition, the edges of these hydrophilic IOLs are not as sharp as claimed and the barrier effect is therefore limited. 14 It is not surprising that as early as one year post-operatively, a significant percentage of eyes implanted with hydrophilic flange-haptic MICS-IOLs exhibit signs of primary barrier failure (see Figure 6 ). 8 The HOYA iMICs IOL complies with the standard of a slim haptic design and exhibits the sharpest posterior optic edge of all hydrophobic acrylic IOLs on the market, 15 thereby allowing optimum circumferential capsular bending.
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Since the injector tip is inserted into the incision, unfolding and delivering into the capsular bag is perfectly controlled. The HOYA iMICS three-piece IOL may also be used in conjunction with posterior optic button-holing for permanent eradication of any form of after-cataract formation (see Figure 7) . 9 Considering the high rate of barrier failures, even with hydrophobic acrylic IOLs, this IOL feature may gain increasing importance in the future. In consideration of the market trend towards one-piece IOLs, which are most easily handled and inserted, HOYA is currently developing a single-piece IOL with a similar design to the Acrysof SX60 platform, but with sharper edges and a glistening-free hydrophobic acrylic optic. 
